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© A driving circuit of a liquid crystal display. 

© A driving circuit of a liquid crystal display for 
driving source lines of an active-matrix type liquid 
crystal display having a thin film transistor matrix 
array comprising a shift register circuit for sequen- 
tially storing digital video signals for one line, each 
of the digital video signals being comprised of pixel 
data of a series of predetermined bits, a latch circuit 
for holding for one horizontal period the digital video 
signals for one line stored in the shift register circuit, 
a conversion circuit for classifying each pixel data 
constituting the digital video signals for one line 
outputted from the latch circuit into upper and lower 
bits, selecting adjacent two different DC voltages 
according to a value designated by the upper bits, 
performing pulse width modulation between the two 
different DC voltages according to a value des- 
ignated by the lower bits and supplying analog video 
signals to the corresponding source lines of the 
matrix array, and a comparison data generating cir- 
cuit for outputting comparison data which has bits by 
number equal to that of the lower bits and is com- 
pared with the lower bits to the conversion circuit 
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A DRIVING CIRCUIT OF A LIQUID CRYSTAL DISPLAY 



BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to a driving cir- 
cuit for driving source lines of an active-matrix type 
liquid crystal display having a thin film transistor 
matrix array (TFT array). 

2. Description of the Prior Art 

Conventionally, there has been proposed a cir- 
cuit for driving source lines of an active-matrix type 
liquid crystal display as shown in Fig. 6. 

In Fig. 6, the reference numeral 21 denotes a 
timing generating circuit The timing generating cir- 
cuit 21 receives horizontal and vertical synchroniz- 
ing signals HD and VD as reference timing signals. 
The horizontal and vertical synchronizing signals 
HD and VD are synchronized with analog video 
signals to be described below. 

A shift register circuit 22 receives sampling 
clocks CK and start pulses P ST from the timing 
generating circuit 21 . 

Analog video signals SVa are supplied to a 
sampling gate circuit 23. The gate circuit 23 has a 
plurality of gate portions. The gate portions sample 
the video signals Sva to obtain pixel signals. In 
addition, the gate portions receive gate pulses P 
SG from the shift register circuit 22 to sample the 
pixel signals for one line for each horizontal period. 

A latch gate circuit 24 receives the pixel sig- 
nals for one line which are sampled by the gate 
circuit 23. Latch pulses P LG are supplied from the 
timing generating circuit 21 to the gate circuit 24 
for a horizontal blanking period. Consequently, the 
pixel signals for one line supplied from the gate 
circuit 23 are latched and held for a next horizontal 
period. 

The pixel signals for one line outputted from 
the gate circuit 24 are simultaneously supplied to 
corresponding source lines Is of a TFT array 10 
through an output circuit 25. 

Fig. 7 is a diagram showing a specific partial 
construction of the gate circuits 23 and 24 and the 
output circuit 25 corresponding to one pixel signal. 
In other words, the whole of the gate circuits 23 
and 24 and the output circuit 25 consists of the 
predetermined number of the above constructions. 
The reference numerals G23 and G24 denote 
gates. The reference numerals C23 and C24 de- 
note capacitors. The reference numeral A25 de- 
notes a buffer. 

Returning to Fig. 6, the timing generating cir- 
cuit 21 supplies control signals to a gate driving 
circuit 26. Then, scanning pulses are sequentially 



supplied to gate lines Ig. The gate lines £g are 
arranged in positions corresponding to the pixel 
signals for one line which are supplied to the 
source lines is of the TFT array 1.0 through the 

5 output circuit 25. 

According to the driving circuit shown in Fig. 6, 
the analog video signals SVa are inputted. There- 
fore, if the number of pixels for one line is in- 
creased like the TFT array 10 having a large 

10 screen and high quality of image, a sampling time 
which is allowed for one pixel signal, becomes 
shorter. Consequently, the time for charging the 
capacitor C23 of the gate circuit 23 becomes in- 
sufficient so that the video signals SVa cannot be 

75 sampled accurately. In other words, the TFT array 
10 cannot accurately be driven corresponding to 
the video signals SVa. Therefore, it is difficult to 
obtain the good quality of display. 

Japanese Unexamined Patent Publication Nos. 

20 63-182695 and 63-186295 have disclosed a circuit 
for driving the liquid crystal display in response to 
digital video signals. In the former Publication dis- 
closed is a driving circuit for selecting driving vol- 
tages corresponding to inputted multigradation digi- 

25 tai video signals to output the same to the liquid 
crystal display. In the latter Publication disclosed is 
a driving circuit for receiving data which specifies a 
display brightness for each pixel of the liquid cry- 
stal display on the basis of a value represented by 

30 a plurality of bits and then outputting a driving 
signal having a pulse width corresponding to the 
data. 

SUMMARY OF THE INVENTION 

35 

The present invention provides a driving circuit 
of a liquid crystal display for driving source lines of 
an active-matrix type liquid crystal display having a 
thin film transistor matrix array comprising a shift 

40 register circuit for sequentially storing digital video 
signals for one line, each of the digital video sig- 
nals being comprised of pixel data of a series of 
predetermined bits, a latch circuit for holding for 
one horizontal period the digital video signals for 

45 one line stored in the shift register circuit, a conver- 
sion circuit for classifying each pixel data constitut- 
ing the digital video signals for one line outputted 
from the latch circuit into upper and lower bits, 
selecting adjacent two different DC voltages ac- 

50 cording to a value designated by the upper bits, 
performing pulse width modulation between the two 
different DC voltages according to a value des- 
ignated by the lower bits and supplying analog 
video signals to the -corresponding source lines of 
the matrix array, and a comparison data generating 
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circuit for outputting comparison data which has 
bits by number equal to that of the lower bits and 
is compared with the lower bits to the conversion 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing one embodi- 
ment of the present invention; 

Figs. 2A and B are circuit diagrams showing 
constructions of a shift register circuit, a latch cir- 
cuit and a conversion circuit; 

Fig. 3 is a circuit diagram showing the conver- 
sion circuit of the embodiment; 

Figs. 4A, B and C are diagrams for explaining 
an operation of the conversion circuit; 

Fig. 5 is a circuit diagram of a comparison data 
generator and a pulse width modulator of the em- 
bodiment; 

Rg. 6 is a block diagram of a conventional 
example; and 

Fig. 7 is a circuit diagram of a main portion of 
the conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A driving circuit of a liquid crystal display ac- 
cording to the present invention comprises a timing 
generating circuit, a gate driving circuit, an output 
circuit and a power circuit basically. The timing 
generating circuit outputs signals for judging a tim- 
ing of signal processing. The gate driving circuit 
drives gate lines of a thin film transistor matrix 
array (TFT array) of an active-matrix type liquid 
crystal display to be driven. The output circuit 
properly levels analog video signals to be supplied 
to source lines of the TFT array. The power circuit 
outputs DC voltages. 

According to the driving circuit, digital video 
signals for one line are sequentially stored in a shift 
register circuit, held by a latch circuit for one 
horizontal period and then converted into the ana- 
log video signals by a. conversion circuit so as to 
be supplied to the source lines of the TFT array. 
Unlike a conventional example, there is not per- 
formed a processing in which pixel signals are 
sampled from the analog video signals. Conse- 
quently, even if the number of pixels for one line is 
increased, the TFT array can sufficiently and ac- 
curately be driven corresponding to the video sig- 
nals. 

An example of an active-matrix type liquid cry- 
stal display which can be driven by the driving 
circuit of the present invention is such that pixel 
electrodes are formed like a matrix in a liquid 
crystal ceil and thin film transistors are respectively 
connected to the respective pixel electrodes in 



order to or not to apply voltages thereto so that a 
thin film transistor matrix array is formed (for exam- 
ple, Japanese Unexamined Patent Publication No. 
59492/1986). 

5 There will be described one embodiment of the 

present invention with reference to Rg. 1. 

In Rg. 1, the reference numeral 1 denotes a 
timing generating circuit. The timing generating cir- 
cuit 1 receives horizontal and vertical synchronizing 
70 signals HD and VD as reference timing signals. 
The horizontal and vertical synchronizing signals 
HD and VD are synchronized with digital video 
signals SVd to be described below. 

The reference numeral 2 denotes a shift regis- 
is ter circuit. The shift register circuit 2 sequentially 
stores the digital video signals for one line which 
are comprised of pixel data of a series of predeter- 
mined bits. In addition, the shift register circuit 2 
receives the digital video signals SVd. The digital 
20 video signal SVd is comprised of pixel data PI to 
Pm which have 8 bits of DO to D7 respectively. The 
shift register circuit 2 receives clocks CLK from the 
timing generating circuit 1 and sequentially stores 
the digital video signals SVd for one line for each 
25 horizontal period (see Rg. 2A). 

A latch circuit 3 receives the pixel data for one 
line which are stored in the shift register circuit 2 
for each horizontal period (see Rg. 2B). Latch 
pulses PL are supplied from the timing generating 
30 circuit 1 to the latch circuit 3 for a horizontal 
blanking period so that the pixel data (LI to Lm) for 
one line supplied from the shift register circuit 2 
are latched and held for a next horizontal period. 
A conversion circuit 4 receives the pixel data 
35 for one line outputted from the latch circuit 3. 

The conversion circuit 4 classifies each pixel 
data which forms the digital video signals for one 
line outputted from the latch circuit 3 into upper 
bits and lower bits respectively, and then selects 
40 adjacent two different DC voltages according to a 
value designated by the upper bits and performs 
pulse width modulation between the two different 
DC voltages according to a value designated by 
the lower bits to supply the analog video signals to 
45 the corresponding source lines of the matrix array. 
In other words, the conversion circuit 4 classifies 
each pixel data of 8 bits into data DH (D7 to D4) of 
the upper 4 bits and data DL (D3 to DO) of the 
lower 4 bits respectively, 
so The data DH of the upper 4 bits selects adja- 

cent two different voltages VA and VB which are 
supplied to the source lines of the TFT array 10 
among voltages VO (Vmin), V1, V2, V16 (Vmax). 

The voltages VO (Vmin), V1 , V2 V1 6 (Vmax) are 

55 provided at equal intervals between maximum and 
minimum voltages Vmax and Vmin. In this case, if 
a value designated by the data DH is n (n =0 to 
15), VA = Vn + 1 and VB = Vn. 
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The pulse width, modulation is executed be- 
tween the voltages VA and VB selected according 
to the date DL of the lower bits as described 
above. Then, pulse width modulation signals are 
integrated and outputted. 

The conversion circuit 4 includes unit circuits 

4t, 42 4m which correspond to the number of 

the pixel data for one iine (see Fig. 2B). As shown 
in Fig. 3, each unit circuit has a switching circuit 
41, a pulse width modulator 43, two switching ele- 
ments 42N and 42P, and an integrating circuit 44. 
The switching circuit 41 selects the DC voltages. 
The pulse width modulator 43 compares the lower 
bits with comparison data DR outputted from a 
comparison data generating circuit 5 so as to out- 
put signals having different pulse widths corre- 
sponding to the result of comparison. The switch- 
ing elements 42N and 42P switch the DC voltages 
outputted from the switching circuit 41 in response 
to the signals outputted from the pulse width 
modulator 43. The integrating circuit 44 outputs the 
analog pixel signals in response to the signals 
outputted from the switching elements 42N and 
42P. 

Fig. 3 is a diagram showing a construction of 
one pixel portion of the conversion circuit 4. 

In Fig. 3, the switching circuit 41 receives the 
voltages VO to V16, selects and outputs the vol- 
tages VA and VB according to the data DH of the 
upper 4 bits (see Fig. 4A). 

The voltages VA and VB selected by the 
switching circuit 41 are supplied to a drain of an N- 
channei FET (field effect transistor) 42N and to a 
source of a P-channel FET 42P respectively. 

The reference numeral 43 denotes a pulse 
width modulator. The pulse width modulator 43 
receives the data DL of the lower 4 bits and the 
comparison data DR (DR3 to DRO) of 4 bits from 
the comparison data generating circuit 5 (see Fig. 
1). In other words, the comparison data generating 
circuit 5 outputs the comparison data, which com- 
prises bits by number equal to that of the lower 
bits, to be compared with the lower bits to the 
conversion circuit 4. 

Fig. 5 is a diagram showing a specific con- 
struction of the comparison data generating circuit 
5 and pulse width modulator 43. 

The comparison data generating circuit 5 is a 
4-bit hexadecimal counter which is formed by con- 
necting D flip-flops 51 to 54 in series. A clock 
terminal of the D flip-flop 51 receives the clocks 
CLK from the timing generating circuit 1 . The sig- 
nals DRO to DR3 at output terminals Q of the D 
flip-flops 51 to 54 form the 4-bit comparison data 
DR. The 4-bit comparison data DR repeats [0000] 
to [1 1 1 1 ] in a cycle for 1 6 clocks of the clock CLK. 

The pulse width modulator 43 is a 4-bit com- 
parator by which the data DL is compared with the 



comparison data DR. The pulse width modulator 43 
outputs signals S PWM. If the data DL is less than 
the comparison data DR, the signal S PWM has a 
low level "0". If the data DL is greater than the 

5 comparison data DR, the signal S PWM has a high 
level n 1 In this case, every time the clock CLK is 
supplied to the comparison data generator 5, the 
comparison data DR is incremented. If the com- 
parison data DR is greater than the data DL, the 

io level of the signal S PWM is changed from the 
high level "1" to the low level B 0 M . Consequently, a 
period in which the signal S PWM has the high 
level n 1 " corresponds to the data DL in the cycle 
for 16 clocks of the clock CLK. In other words, the 

75 pulse width modulator 43 outputs the signals S 
PWM which are produced by the pulse width mod- 
ulation on the data DL. 

Returning to Fig. 3, the signals S PWM output- 
ted from the pulse width modulator 43 are supplied 

20 to gates of the FETs 42N and 42P. In this case, if 
the signal S PWM has the high level "1 n , the FET 
42N is conductive. If the signal S PWM has the low 
level n 0", the FET 42P is conductive. Accordingly, 
since the signal S PWM is produced by the pulse 

25 width modulation on the data DL, the signals which 
are produced by the pulse width modulation on the 
data DL between the voltages VA and VB are 
outputted to a node of a source of the FET 42N 
and a drain of the FET 42P (see Fig. 4B). 

30 The integrating circuit 44 receives the signals 

which are produced by the pulse width modulation 
between the voltages VA and VB. As described 
above, the voltages VA and VB are selected on the 
basis of the data DH of the upper 4 bits of the pixel 

35 data and the pulse width modulation is performed 
on the basis of the data DL of the lower 4 bits of 
the pixel data. Consequently, the signals outputted 
from the integrating circuit 44 are converted into 
the analog pixel signals having levels correspond- 

40 ing to the pixel data of 8 bits (see Fig. 4C). 

Returning to Fig. 1, the conversion circuit 4 
outputs analog pixel signals which have levels cor- 
responding to the digital pixel data for one line 
supplied from the latch circuit 3. The analog pixel 

45 signals are simultaneously supplied to the cor- 
responding source lines Is of the TFT array 10 
through the output circuit 6 respectively. The out- 
put circuit 6 is a voltage follower which is con- 
nected every source line. 

so The reference numeral 7 denotes a gate driv- 

ing circuit. The gate driving circuit 7 receives con- 
trol signals from the timing generating circuit 1. 
Scanning pulses are sequentially supplied to the 
gate lines Ig. The gate lines Jtg are arranged in 

55 positions corresponding to the pixel signals for one 
line which are supplied from the output -circuit 6 to 
the source lines Is of the TFT array 10 for each 
horizontal period. 
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Thus, the digital video signals SVd for one line 
are sequentially stored in the shift register circuit 2, 
held by the latch circuit 3 for one horizontal period 
and then converted into the analog video signals 
by the conversion circuit 4 so as to be supplied to 
the source lines is of the TFT array 10. In addition, 
the scanning pulses are sequentially supplied to 
the gate lines Ig. The gate lines Ig are arranged 
in the positions corresponding to the video signals 
for one line which are supplied to the source lines 
is of the TFT array 10. Each pixel of the TFT array 
10 is driven in response to the analog pixel signals 
corresponding to each pixel data of the video sig- 
nals SVd so that an image is displayed. 

According to the present embodiment, there is 
not performed a processing in which the pixel 
signals are sampled from the analog video signals 
SVa. Consequently, even if the number of the 
pixels for one line is increased, the TFT array can 
sufficiently and accurately be driven corresponding 
to the video signals SVd. 

As described above,- the comparison data DR 
is com pared with the data DL so that the pulse 
width modulation is performed. The comparison 
data DR is synchronized with the clock CLK so as 
to be sequentially increased by a quantize step 
width. It is required to repeat the pulse width mod- 
ulation about 10 times for one horizontal period so 
as to obtain the stable analog video signals. 

According to the present embodiment, the 
pulse width modulation is performed between the 
voltages VA and VB by the data DL of the lower 4 
bits. Consequently, the time for one pulse width 
modulation can be reduced as compared with the 
pulse width modulation by the pixel data of 8 bits 
itself. For the pulse width modulation by the pixel 
data of 8 bits itself, the time for 10 pulse width 
modulations is 10 nsec x 256 steps x 10 times = 
25.6 usee if the cycle of the clocks CLK is 10 
nsec. For the present embodiment, the time for 10 
pulse width modulations is 10 nsec x 16 steps x 10 
t,* m es = 1.6 usee if the cycle of the clocks CLK is 
10 nsec. Accordingly, a construction of the present 
embodiment causes the cycle of the clocks to be 
longer. In addition, even if a cheap clock generator 
is used, the pixel data can be converted into the 
analog video signals very well. 

While the pixel data of 8 bits is classified into 
the data of the upper 4 bits and the data of the 
lower 4 bits in the present embodiment the di- 
vision of the number of the bits is not limited. In 
other words, the division is determined in consider- 
ation of the cycle of the clocks CLK or the like. 
Briefly, the bits of the pixel data are divided into 
the upper 4 bits and the lower 4 bits to reduce the 
number of the bits related to the pulse width modu- 
lation. 

White the pixel data of 8 bits are used in the 



above present embodiment, the number of the bits 
of the pixel data is not limited. If the number of the 
bits is increased, the present invention becomes 
more effective. 

s According to the present invention, the digital 

video signals are used as described above. Unlike 
the conventional example, there is not performed a 
processing in which the pixel signals are sampled 
from the analog video signals. Consequently, even 

to if the number of the pixels for one line is increased, 
the TFT array can sufficiently and accurately be 
driver, corresponding to the video signals. In addi- 
tion, the pixel data is classified into the data of the 
upper and lower bits. The adjacent two different DC 

75 voltages are selected according to the data of the 
upper bits. The pulse width modulation between 
the two different DC voltages are executed accord- 
ing to the data of the lower bits. Consequently, 
even if the number of the bits of the pixel data is 

20 greater, the time for the pulse width modulation is 
rarely increased. Therefore, the cycle of the clocks 
may be longer. In other words, even if the number 
of the bits of the pixel data is increased, the pixel 
data can be converted into the analog video signals 

25 very well by using a cheap clock generator. 

The invention being thus described, it will be 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the scope of the invention. 

30 There are described above novel features 

which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 

35 included within the scope of the following claims. 



Claims 

40 1- A driving circuit of a liquid crystal display for 
driving source lines of an active-matrix type 
liquid crystal display having a thin film transis- 
tor matrix array comprising: 

a shift register circuit for sequentially storing 

45 digital video signals for one line, each of the 

digital video signals being comprised of 
pixel data of a series of predetermined bits; 
a latch circuit for holding for one horizontal 
period the digital video signals for one line 

so stored in the shift register circuit; 

a conversion circuit for classifying each 
pixel data constituting the digital video sig- 
nals for one line outputted from the latch 
circuit into upper and lower bits, selecting 

55 adjacent two different DC voltages accord- 

ing to a value designated by the upper bits, 
performing pulse width modulation between 
the two different DC voltages according to a 
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value designated by the lower bits and sup- 
plying analog video signals to the corre- 
sponding source lines of the matrix array; 
and 

a comparison data generating circuit for out- 5 
putting comparison data which has bits by 
number equal to that of the lower bits and is 
compared with the lower bits to the conver- 
sion circuit 

70 

2. A driving circuit according to Claim 1 wherein 
the conversion circuit includes unit circuits by 
number corresponding to that of the pixel data 
for one line, the unit circuit having a switching 
circuit for selecting the two different DC vol- 76 
tages, a pulse width modulator for comparing 

the lower bits with the comparison data output- 
ted from the comparison data generating cir- 
cuit and then outputting signals which have 
different pulse widths corresponding to the re- 20 
suit of comparison, two switching elements for 
respectively switching the two different DC vol- 
tages outputted from the switching circuit in 
response to the signals outputted from the 
pulse width modulator, and an integrating cir- 25 
cuit for outputting analog pixel signals in re- 
sponse to the signals outputted from the re- 
spective switching elements. 

3. A driving circuit according to Claim 1 wherein 30 
the comparison data generating circuit is a 
hexadecimal counter which is formed by con- 
necting four D flip-flops in series. 

4. A driving circuit according to Claim 2 wherein 35 
the pulse width converter is a 4-bit comparator 

and the comparison data generating circuit is a 
hexadecimal counter which is formed by con- 
necting four D flip-flops in series. 

40 

5. A driving circuit according to Claim 2 wherein 
the switching elements are N- and P-channel 
field effect transistors. 

6. A driving circuit for a multi-element display 45 
device, the circuit being operable to provide a 
plurality of analog output signals for driving 
respective lines of the display, characterised in 

that the circuit is responsive to respective digi- 
tafinput signals each of which carries informa- so 
tion relating to the magnitude of the output 
signal to be supplied to a respective line, and 
in that the driving circuit comprises a plurality 
of conversion circuits responsive to the respec- 
tive digital input signals for providing output 55 
signals of a desired level. 



matrix display, comprising: 

storing means for sequentially storing digital 
signals, each said signal having first and 
second components; 

means for holding, for one horizontal period, 
the signals for one line stored in the storing 
means; 

means for selecting first and second vol- 
tages in response to said first component of 
each signal, determining relative durations 
for said first and second voltages in re- 
sponse to said second component to derive 
an analog signal, and supplying the analog 
signal to the corresponding source line of 
the matrix array. 



7. A driving circuit for driving respective lines of a 
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